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(54) LEVEL CONVERSION CIRCUIT 

(57)Abstract: 

PURPOSE: To reduce power consumption by forming a circuit converting a small 
amplitude high speed complementary signal to a CMOS logic level with two of PMOS 
transistors(TRs)NMOS TRs and CMOS inverter circuits. 

CONSTITUTION: A power supply voltage is applied to a source of a PMOS TR 1 when 
a node A is at an H level and a node B is at an L level corresponding to input 
terminals 5152 and an ON-resistance of the TRl is set higher to set a gate potential 
to an H level. Furthermorea power supply voltage is applied to a gate of an NMOS TR 
3 and an ON-resistance of the TR 3 is decreased to set a source potential to an L 
level thereby reducing a potential at a node D and inverting an output level at the 
node E of an output terminal 54 at a CMOS inverter circuit 6 and the resulting signal 
is outputted as a power supply voltage. Furthermorea PMOS TR 2an NMOS TR 4 and 
a CMOS inverter circuit 5 are activated by the similar method and a ground potential 
is outputted from a node F of the output terminal 53. 



CUMMS 



[Claim(s)] 

[Claim 1]A level conversion circuit comprising: 

The 1st PMOS transistor by which a power supply by the side of high potential is 
supplied to saucea gate is connected to the 1st input terminaland a drain is 

connected to the predetermined node D. 

The 1st NMOS transistor by which a drain is connected to said node Da power supply 
by the side of high potential is supplied to a gateand sauce is connected to the 2nd 
input terminal. 



The 2nd PMOS transistor by which a power supply by the side of high potential is 
supplied to saucea gate is connected to said 2nd input terminaland a drain is 
connected to the predetermined node C. 

The 2nd NMOS transistor by which a drain is connected to said node Ca power 
supply by the side of high potential is supplied to a gateand sauce is connected to 
said 1st input terminalThe 1st CMOS buffer circuit where an input edge is connected 
to said node Cand an outgoing end is connected to the 1st output terminaland the 
2nd CMOS buffer circuit where an input edge is connected to said node Dand an 
outgoing end is connected to the 2nd output terminal. 

[Claim 2]A level conversion circuit comprising: 

The 1st NMOS transistor by which a power supply by the side of low voltage is 
supplied to saucea gate is connected to the 1st input terminaland a drain is 
connected to the predetermined node D. 

The 1 St PMOS transistor by which a drain is connected to said node Na power supply 
by the side of low voltage is supplied to a gateand sauce is connected to the 2nd 
input terminal. 

The 2nd NMOS transistor by which a power supply by the side of low voltage is 
supplied to saucea gate is connected to said 2nd input terminaland a drain is 
connected to the predetermined node C. 

The 2nd PMOS transistor by which a drain is connected to said node Ca power supply 
by the side of low voltage is supplied to a gateand sauce is connected to said 1st 
input terminalThe 1st CMOS buffer circuit where an input edge is connected to said 
node Cand an outgoing end is connected to the 1 st output terminaland the 2nd 
CMOS buffer circuit where an input edge is connected to said node Dand an outgoing 
end is connected to the 2nd output terminal. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to the level conversion circuit 
used in order to change the high-speed complementary signal of small-size width into 
a CMOS logical level about a level conversion circuit. 
[0002] 

[Description of the Prior Art]The conventional level conversion circuit is constituted 
as a circuit of CMOS which carries out logical level conversion in response to the 
complementary signal of amplitude 0.8V (main ****** of amplitude: about 1.3V) 
gradeas an example is shown in drawing 5 . As shown in drawing 5 the conventional 



level conversion circuitThe single-ended level conversion circuit 7 which comprises 
PMOS transistors 8 and 9NMOS transistors 10 and 1 land CMOS inverter circuit 12 
corresponding to the input terminals 51 and 52 and the output terminals 53 and 54It 
has the single-ended level conversion circuit 13 which comprises NMOS transistors 
14 and 15PMOS transistors 16 and 17and CMOS inverter circuit 18and is constituted. 
Drawing 6 (a)(b)and (c) is a figure showing each waveform of operation in each node 
ABand CDEand F of this conventional example shown in drawing 5 . 
[0003]Operation of the introduction single-ended level conversion circuit 7 is 
explained. In drawing S it corresponds to the complementary input signal inputted into 
the input terminals 51 and 52When the node A in the single-ended level conversion 
circuit 7 is "H" level (about 1.7V) and the node B is the "L" level (about 0.9V)power- 
supply-voltage Vqd is supplied to the sauce of PMOS transistor 8. 
In [ since gate potential is set to "H ' levelthe on resistance value of PMOS transistor 

8 becomes highand ] NMOS transistor lOThe gate is connected to the drainsince 
source potential is set to the "L" levelthe on resistance value of NMOS transistor 10 
fallsand the potential of the node D falls in about 2V. 

As for PMOS transistor 9in one sidepower-supply-voltage V^d 's supplied to sauce. 
In [ since gate potential is set to the "L" levelthe on resistance value of PMOS 
transistor 9 fallsand ] NMOS transistor 1 1The gate is connected to the node Dsince 
source potential is set to "H" levelthe on resistance value of NMOS transistor 1 1 
becomes highand the potential of the node C rises to about 4V. 

ThereforeCMOS inverter circuit 12 is reversed and the potential of the output in the 
output terminal 53 (potential of the node F) is outputted as earth potentials. 
[0004]Corresponding to the complementary input signal inputted into the input 
terminals 51 and 52when the potential of the node A is [ the potential of the node B ] 
"H" level on the "L" levelpower-supply-voltage V^d is supplied to the sauce of PMOS 
transistor 8. 

In [ since gate potential is set to the "L ' levelthe on resistance value of PMOS 

transistor 8 fallsand ] NMOS transistor lOThe gate is connected to the drainsince 

source potential is set to "H" levelthe on resistance value of NMOS transistor 10 

becomes highand the potential of the node D rises to about 3V. 

As for PMOS transistor 9in another sidepower-supply-voltage Wqq is supplied to 

sauce. 

In [ since gate potential is set to "H" levelthe on resistance value of PMOS transistor 

9 becomes highand ] NMOS transistor 1 1The gate is connected to the node Dsince 
source potential is set to the "L" levelthe on resistance value of NMOS transistor 1 1 
fallsand the potential of the node C falls in about IV. 

ThereforeCMOS inverter circuit 12 is reversed and the potential (potential of the 
node F) of the output in the output terminal 53 is outputted as power supply potential 
(5V). 

[0005]Although it is the same as that of the case of the above-mentioned single- 



ended level conversion circuit 7 also about operation of the single-ended level 
conversion circuit 13Since the input serves as connection with the reverse single- 
ended level conversion circuit 7from the output terminal 54 (node E)the signal of an 
opposite phase is outputted to the output of the output terminal 53. Thereforethe 
complementary input signal of about [ 0.8V ] amplitude is changed and outputted to 
the complementary signal of the CMOS level which is 0/5V. 
[0006] 

[Problem(s) to be Solved by the Invention]In the conventional level conversion circuit 
mentioned abovesince two single-ended level conversion circuits are usedthere is a 
fault that the power consumption which there is a fault of becoming so large that 
necessity of about 12 MOS transistors being carried out as circuit structureand eye 
others takes also increases. 
[0007] 

[Means for Solving the Problem]A level conversion circuit of the 1st invention is 
provided with the following. 

The 1st PMOS transistor by which a power supply by the side of high potential is 
supplied to saucea gate is connected to the 1st input terminaland a drain is 
connected to the predetermined node D. 

The 1st NMOS transistor by which a drain is connected to said node Da power supply 
by the side of high potential is supplied to a gateand sauce is connected to the 2nd 
input terminal. 

The 2nd PMOS transistor by which a power supply by the side of high potential is 
supplied to saucea gate is connected to said 2nd input terminaland a drain is 
connected to the predetermined node CThe 2nd NMOS transistor by which a drain is 
connected to said node Ca power supply by the side of high potential is supplied to a 
gateand sauce is connected to said 1st input terminalThe 1st CMOS buffer circuit 
where an input edge is connected to said node Cand an outgoing end is connected to 
the 1st output terminaland the 2nd CMOS buffer circuit where an input edge is 
connected to said node Dand an outgoing end is connected to the 2nd output terminal. 

[0008]A level conversion circuit of the 2nd invention is provided with the following. 
The 1st NMOS transistor by which a power supply by the side of low voltage is 
supplied to saucea gate is connected to the 1 st input terminaland a drain is 
connected to the predetermined node D. 

The 1st PMOS transistor by which a drain is connected to said node Na power supply 
by the side of low voltage is supplied to a gateand sauce is connected to the 2nd 
input terminal. 

The 2nd NMOS transistor by which a power supply by the side of low voltage is 
supplied to saucea gate is connected to said 2nd input terminaland a drain is 
connected to the predetermined node CThe 2nd PMOS transistor by which a drain is 
connected to said node Ca power supply by the side of low voltage is supplied to a 



gateand sauce is connected to said 1st input terminalThe 1st CMOS buffer circuit 
where an input edge is connected to said node Cand an outgoing end is connected to 
the 1 st output terminaland the 2nd CMOS buffer circuit where an input edge is 
connected to said node Dand an outgoing end is connected to the 2nd output terminal. 

[0009] 

[Example]Nextthis invention is explained with reference to drawings. 
[0010] Drawing 1 is a circuit diagram showing the 1st example of this invention. As 
shown in drawing 1 corresponding to the input terminals 51 and 52 and the output 
terminals 53 and 54this example is provided with PMOS transistors 1 and 2NMOS 
transistors 3 and 4and CMOS inverter circuits 5 and 6and is constituted. Drawing 2 
(a)(b)and (c) is a figure showing each waveform of operation in each node ABand 
CDEand F of this example shown in drawing 1 . 

[GDI 1]Hereafteroperation of this example is explained with reference to drawing 1 and 
drawing 2 . 

[0012]In drawing l it corresponds to the complementary input signal inputted into the 
input terminals 51 and 52When the node A is "H" level (about 1.7V) and the node B is 
the "L" level (about 0.9V)(Refer to drawing 2 (a))Power~supply-voltage Wqq (5V) is 
supplied to the sauce of PMOS transistor lln [ since gate potential is set to "H" 
levelthe on resistance value of PMOS transistor 1 becomes high and ] NMOS 
transistor 3Since power-supply-voltage (5V) is supplied to the gate and source 
potential is set to the "L" levelthe on resistance value of NMOS transistor 3 fallsThe 
potential of the node D falls in about 1.5V (refer to drawing 2 (b))CMOS inverter 
circuit 6 is reversed and the output potential in the output terminal 54 (node E) is 
outputted as power supply voltage (5V) (refer to drawing 2 (c)). As for PMOS 
transistor 2in one sidepower-supply-voltage V^^ (5V) is supplied to sauce. 
In [ since gate potential is set to the "L" levelthe on resistance value of PMOS 
transistor 2 fallsand ] NMOS transistor SSince power-supply-voltage V^d (5V) is 
supplied to the gate and source potential is set to "H" levelthe on resistance value of 
NMOS transistor 4 becomes highThe potential of the node C rises to about 3.5V 
(refer to drawing 2 (b))CMOS inverter circuit 5 is reversed and the output potential in 
the output terminal 53 (node F) is outputted as earth potentials (OV) (refer to drawing 
2_(c)). 

[0013]The potential of the node A corresponding to the complementary input signal 
inputted into the input terminals 51 and 52 on the "L" level. When the potential of the 
node B is "H" levelpower-supply-voltage Vq^ (5V) is supplied to the sauce of (the 
drawing 2 (a) reference) and PMOS transistor lln [ since gate potential is set to the 
"C levelthe on resistance value of PMOS transistor 1 fallsand ] NMOS transistor 
SSince power-supply-voltage Vqq (5V) is supplied to the gate and source potential is 
set to "H" levelthe on resistance value of NMOS transistor 3 becomes highThe 



potential of the node D rises to about 3.5V (refer to drawing 2 (b))CMOS inverter 
circuit 6 is reversed and the output potential in the output terminal 54 (node E) is 
outputted as earth potentials (OV) (refer to drawing 2 (c)). On the other handas for 
PMOS transistor 2power-supply-voltage (5V) is supplied to sauce. 
In [ since gate potential is set to "H" levelthe on resistance value of PMOS transistor 
2 becomes highand ] NMOS transistor 4Since power-supply-voltage V^d (5V) is 
supplied to the gate and source potential is set to the "L " levelthe on resistance 
value of NMOS transistor 4 fallsThe potential of the node C falls to about 1.5V (refer 
to drawing 2 (b))CMOS inverter circuit 5 is reversed and the output potential in the 
output terminal 53 (node F) is outputted as power supply potential (5V) (refer to 
drawing 2 (c)). 

[0014]Thereforethe complementary input signal of about [ 0.8V ] amplitude is changed 
and outputted to the complementary signal of the CMOS level which is 0V/5V. 
[0015]Nextthe 2nd example of this invention is described. Drawing 3 is a circuit 
diagram showing this example. As shown in drawing 3 corresponding to the input 
terminals 51 and 52 and the output terminals 53 and 54this example is provided with 
PMOS transistors 1 and 2NM0S transistors 3 and 4and CMOS inverter circuits 5 and 
6and is constituted. Drawing 4 (a)(b)and (c) is a figure showing each waveform of 
operation in each node ABand CDEand F of this example shown in drawing 1 . 
[0016]Hereafteroperation of this example is explained with reference to drawing 3 and 
drawing 4 . 

[0017]In drawing 3 it corresponds to the complementary input signal inputted into the 
input terminals 51 and 52When the node A is "H ' level and the node B is the "L" 
level(Refer to drawing 4 (a))Low potential power source voltage Vss (~5V) is supplied 
to the sauce of NMOS transistor 3In [ since gate potential is set to "H" levelthe on 
resistance value of NMOS transistor 3 fallsand ] PMOS transistor 1 Low potential 
power source voltage Vgs (~5V) is supplied to the gateSince source potential is set to 
the "L" levelthe on resistance value of NMOS transistor 1 becomes highthe potential 
of the node D falls (refer to drawing 4 (b))CMOS inverter circuit 6 is reversed and the 
output potential in the output terminal 54 (node E) is outputted as earth potentials 
(OV). As for NMOS transistor 4in one sidelow potential power source voltage Vgs (" 
5V) is supplied to sauce. 

In [ since gate potential is set to the "L" levelthe on resistance value of NMOS 
transistor 4 becomes highand ] PMOS transistor 2Low potential power source voltage 
Vss ("SV) is supplied to the gateSince source potential is set to "H" levelthe on 
resistance value of PMOS transistor 2 fallsthe potential of the node C rises (refer to 
drawing 2 (b))CMOS inverter circuit 5 is reversed and the output potential in the 
output terminal 53 (node F) is outputted as low potential power source potential (-5V). 



[0018]The potential of the node A corresponding to the complementary input signal 



inputted into the input terminals 51 and 52 on the "L" level. When the potential of the 
node B is "H" levellow potential power source voltage Vgs (~5V) is supplied to the 
sauce of (the drawing 4 (a) reference) and NMOS transistor 3In [ since gate potential 
is set to the "L" levelthe on resistance value of NMOS transistor 3 becomes 
highand ] PMOS transistor 1 Low potential power source voltage V^g (""SV) is supplied 
to the gateSince source potential is set to "H" levelthe on resistance value of NMOS 
transistor 1 fallsthe potential of the node D rises (refer to drawing 4 (b))CMOS 
inverter circuit 6 is reversed and the output potential in the output terminal 54 (node 
E) is outputted as low potential power source potential (-5V). On the other handas for 
NMOS transistor 4low potential power source voltage Vgs (-5V) is supplied to sauce. 
In [ since gate potential is set to 'H" levelthe on resistance value of NMOS transistor 
4 fallsand ] PMOS transistor 2Low potential power source voltage Vgs (^SV) is 
supplied to the gateSince source potential is set to the "L " levelthe on resistance 
value of PMOS transistor 2 becomes highthe potential of the node C falls (refer to 
drawing 4 (b))CMOS inverter circuit 5 is reversed and the output potential in the 
output terminal 53 (node F) is outputted as earth potentials (OV). 

[0019]Thereforethe complementary input signal of about [ 0.8V ] amplitude is changed 
and outputted to the complementary signal of the CMOS level which are 0V/-5V. 
[0020] 

[Effect of the Invention]As explained abovethere is an effect which this invention is 
effective in the circuit which changes the level of a complementary signal using a 
smaller number of MOS transistors being realizableand reduces the power 
consumption of a complementary-type level conversion circuit by this that things can 
be carried out. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a circuit diagram showing the 1st example of this invention. 
[Drawing 2] It is a figure showing the waveform of operation in each node of the 1 st 
example. 

[Drawing 3] It is a circuit diagram showing the 2nd example of this invention. 
[Drawing 4] It is a figure showing the waveform of operation in each node of the 2nd 
example. 

[Drawing 5] It is a circuit diagram showing a conventional example. 

[Drawing 6] It is a figure showing the waveform of operation in each node of a 

conventional example. 

[Description of Notations] 

12891617 PMOS transistors 



341 0111415 NMOS transistors 
561218 CMOS inverter circuits 
7 and 13 Single-ended level conversion circuit 
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jgmS (5V) tLTai^^n* (02 (c) c 
— ^^ICtel^T, PMOS h^V>^X^»2tt. V-XtC® 

SiWEVDD (5V) A^«t|&*nT33y. h'OfiE*'' 
"L" U^;b(C^S/c46lCPMOS h^>>>'X^?2(D;d- 
ymKMlti&T U N M O S h ^ 3 Icfct^T 

li. htcm;^.mVDD (5V) Af'^tiiie^nTiiy. 
y-X«iuti« "H" b-^iUC^^SfctolJlNMOS 
5^7. 4 ymmmt^M < * o ISiS C ©Wffitt 

3. 5vmmiz±^L (02 (b) #gs) . aj^iffi^s 

(1212 (c) mm) o 

[0 0 13] *fc. Xt>^^5 M3j^Zf5 2lZXtl-S£ti 
S*gffiA:^<g^lcS*r&LT. li5iSA<Dm<47b> "L" 
SSj^ B CDUffiA'^ "H" U-NiKDR^lCli (El 2 
(a) #B^) . PMOS h^Vv^X^i 1 05y-7.l»:l±m 

igUEVoD (5V) fi««iis&*nT«5y. y-hm«« 

"L" b^;UlC3B:«rc«>lcPMOS 1 
VffitafiiftMSTU SfcNMOS ^^>vfX^^3^CJ5L^ 

Tii. y- htcm;^,«i±VDD (5V) m^it^-^nris 

y-xmteJb^ "H" ly^MZISi^rciblZNMOS h 

=p y-JT. ^3co^ yi&tfimt'^m <ts-z>z. ms^ d ©mffl 

l±3. 5VigStc±^L (EI2 (b) . mtlt^^f- 

5 4 (ssjfiE) ^c^5^tsai±)m^±^ CMos-f>/<- 

^^^eiz^^j^ns^nz. mtmiSi (ov) tuTa 



(4) 
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(02 (c) mm) o PMosh^vi? 

X^2lt. V-XlcmiSmffVDD (5V) A^«ti!lg*tlT 
*5Ux y-hmte*^ "H" U^;Hc^^/c46tCPMOS 

>i>'X'S^4^^:^Jt^T^^. -y- t-t::m>JimEEVDD (5V) 
i6lCNM0S h-7V5>'X'S'4CD:i->Jfftn;fii<)M6TLT. 

m^c<Dmmt^ . symmasTfL mi (b) # 

(5V) i:LTaj:^*n^ (E12 (c) , 

[0 0 1 4] ij^-:pT> 0. 8vmm.(Dm^commKtsm 
[0 0 1 5] 35s!ti:. *llB^<^)m2<DllMe"J^toL^Tl^^B^ 

n«J:-5li:. *ltS6«iJl±s A:bSS?5 1. 5 2fcJ:t;aj 
:;DiSs?5 3. 5 41C3^JSLT. PMOS h^Vv'T.^n 
iSi:Xf2t. NMOS h^>yx^3fej:tf4i:. CM 
O S -f >y ^— ? 0^ 5 fc<t 0= 6 <«: ^fii^TtSJ^K7*-n^„ 
^fc. 114 (a) . (b) fc<tt>" (c) mtC/Xx:*' 

[0 0 1 61 IHT. EI3feJ:t>'ia4^#BSLT*lllififi>J 
[0 0 17] ia3i::*SL>T. A^^?5 1 fcJ:tf 5 2li: 

^yk S5j|5B3b'' "L" U'^;KDPtlCli (El 4 (a) # 

B§) , NMOS h-5Vv>~:^'$t 3(oy-xic(ii£«fiimai 

mSVss (-5V) <)^«S&*nTfcU. y-h®f43b> 
"H" ly^MClS^^tclsblZNMOS h^Vv-'X-S^ 3©:^- 
VffifiiffltiffiT P M O S h ^ yJXSt 1 icfct^ 

TH. y-hicfimffisjssffivss (-sv) tmn&i 

OS h^Vv^X^i 1 fl):?|->}gfiifilA'«^<*oTfilSjSD<0 
mffijbMfiTL (El 4 (b) #88) . t±5:^affi?5 4 (ij5.#. 
E) icjjlt^aj:^ffifmi. CMOS-<>y^-'5'Is]i»6lc 
J;ySi5*tlT. SiliJffiisi (OV) <t LTai±)#4l^o 

— :^^c^;l^Tx nmos h^>->'x-$f4ii. v-xtcfg 
mmiSmffVss (-5V) tiMfti!i&*tlT*5U. y-h 
lifii<)'« "L" U^;Hu:6S/;:i6lCNMOS 

2^c^>l,^T^i, -y- htcfgmffimjiiiavss (-sv) 

AMttJSi'nT^jyv V-Xtifu)B« "H" U^;Hc:ft*fc 
«)ICPM0S h^>-:>X'5i2CD:t>Jft}5T;fii*MaTLTS5 
jSCOm6^±^L (02 (b) #Ba) . liitim¥5 3 

5 ic J: y J5$E* tiTs ©mfimasati (- s v) <t l 



[0 0 18] $rc. A^iflsTS 1 JJj:lf 5 2icA^*n 
^fflWiA^fi^lCjI^fSLT. fiffjSAOSti*^ "L" 
;l/T% ffi^BODmfsSfi* "H" b^;KDI«lCtt (04 

(a) #BB) , NMOS 3<Dy-7.li:tifi 

mfiimismsvss (-sv) AMtt*&*+iTfc-y, y-K 

3 (Dtymtn.mt'^m <rsi*). P M O S h ^ > v'X^ 

Ucfci^Ttt. f-HzmmMwrns-yss (-sv) 

461CNMOS 1 (O^tZ/WlK^t^^Ti^Tf^ 

,^D<7)mte«^±&L (04 (b) #BS) , ffi:^«?5 4 

ES6fcj:usiE?nTs •fgrafizmjgffliit (-sv) .hu 

TJlJ:^*+l-5, —15. NMOS l-^>S>~X^4li. V- 

xicfgmte'^;iSJivss (-5V) 3b'^«ssg*nT*5U. 

y-hWiaA'' "H" U^NiiUtT&^SfctolCNMOS 
v^X-Si 4 <5D:d->Stn:filAM6T L. « fc P M O S h 5 

x^2^c^5t^T^*. hicffimtamai^Jivss (-s 

«/c*6lCPMOS h^>i>"X-$»2ro?|->'jgtri<l*f'^<* 
oTi5j^,C(Di:fit3bMSTL (04 (b) #hb) , ^ti^ 

?5 3 (SSj^F) ic3bntsai:^mfiiti. cmos-o/^ 
— Si(HliK5lcJ:USSx*-nT. (OV) tLT 

[0 0 19] tSfoT. 0. 8 VSJg<7)Si|Ba5ffl^A*« 
^*«0 V/-5V<0CMOS U'^VKOfflMfi^lC^jft? 

[0 0 2 0] 

^^^T ^ElK^IHl-r S il i: <!: 3 iSb^jb^S 

^iJM-r s c ^ -5 i -5 So 
[0 1 1 4:fig%<7)m 1 (onmm^TTir^^mvts,^. 

[02] mi OD j|«i«iJ©*®5iSlcJJltS®if^«JB*?x-r 

0T-^^o 

[03] *||B^a5ll2<DllSfi^J«r5^-ri3K0T-«*, 

[04] m2<D^«6«<joDS0jSicfcntsi!)f^»m^/T^-r 

0Td5So 
[05] ^<$IJ%m-rial%07&S. 
[06] ?je3l5fi!|0!)S-I!liSlcfcn:J-«iM^5ft»J*5^-r 0-p* 

[??#a)SiB^] 

K 2. 8. 9, 1 6. 1 7 PMOSI»^>S/X^ 

3. 4. 10. IK 14. 15 NMOS 

X^ 

5. 6. 12. 18 CMOS'f >A— S^lHli^ 
7. 1 3 -»^^;UXV K • U'^:;l/^felHl!S 
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